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Abstract 
Thirty two (32) locations of zeolitic rocks from Thrace (29 from Evros prefecture and 
3 from Rhodope prefecture) were investigated for their mineralogical composition by 
X-Ray Diffraction (XRD) method. According to EU Regulation No 651/2013, 
clinoptilolite of sedimentary origin (zeolitic tuffs) with ≥80 wt% clinoptilolite, ≤20 
wt% clay minerals, free of fibres and quartz, can be used as feed additive for all 
animal species. The zeolitic rocks of Thrace on average contain, 23-89 wt% HEU-
type zeolite (clinoptilolite-heulandite), 8-45 wt% mordenite (ten locations), 24 wt% 
analcime (one location), 1-11 wt% mica, 1-11 wt% clay minerals, 3-37 wt% quartz, 
2-29 wt% cristobalite, 3-34 wt% feldspars and 0-22 wt% amorphous materials. Only 
one location contains 89 wt% HEU-type zeolite (clinoptilolite-heulandite), 2 wt% clay 
minerals, is free of fibres, but unfortunately it contains 3 wt% quartz and 2 wt% 
cristobalite. Considering the mineralogical composition, the zeolitic rocks of Thrace 
do not meet the requirements of the EU Regulation No 651/2013, and thus cannot be 
used as feed additives for all animal species and consequently as nutrition 
supplements, since the zeolitic rocks in all locations, contain on average 3-37 wt% 
quartz, 2-29 wt% cristobalite, 8-45 wt% mordenite (fibrous zeolite) in 10 locations, 
24-65 wt% zeolites (HEU-type ± mordenite ± analcime) in 28 locations, 74 wt% HEU-
type zeolite in 2 locations and 77 wt% HEU-type zeolite in 1 location. 
Keywords: HEU-type zeolite, fibrous zeolites, mordenite, analcime. 
Περίληψη 
Τριάντα δύο (32) θέσεις ζεολιθικών πετρωμάτων της Θράκης (29 της ΠΕ Έβρου και 3 
της ΠΕ Ροδόπης) μελετήθηκαν ως προς την ορυκτολογική τους σύσταση με την μέθοδο 
της περιθλασιμετρίας ακτίνων Χ (XRD). Σύμφωνα με τον Kανονισμό της ΕΕ αριθ. 
651/2013, κλινοπτιλόλιθος ιζηματογενούς προέλευσης (ζεολιθικοί τόφφοι) με ≥80% 
κ.β. κλινοπτιλόλιθο, ≤20% κ.β. αργιλικά ορυκτά, χωρίς ίνες και χαλαζία, μπορεί να 
χρησιμοποιηθεί ως πρόσθετη ύλη ζωοτροφών για όλα τα ζωικά είδη. Τα ζεολιθικά 
πετρώματα της Θράκης κατά μέσο όρο περιέχουν, 23-89% κ.β. ζεόλιθο τύπου- HEU 
(κλινοπτιλόλιθο-ευλανδίτη), 8-45% κ.β. μορντενίτη (δέκα θέσεις), 24% κ.β. ανάλκιμο 
(μία θέση), 1-11% κ.β. μαρμαρυγία, 1-11% κ.β. αργιλικά ορυκτά, 3-37% κ.β. χαλαζία, 
2-29% κ.β. χριστοβαλίτη, 3-34% κ.β. αστρίους και 0-22% κ.β. άμορφα υλικά. Μόνο 
μία θέση περιέχει 89% κ.β. ζεόλιθο τύπου-HEU (κλινοπτιλόλιθο-ευλανδίτη), 2% κ.β. 
αργιλικά ορυκτά, είναι χωρίς ίνες, αλλά δυστυχώς περιέχει 3% κ.β. χαλαζία και 2% κ.β. 
χριστοβαλίτη. Λαμβάνοντας υπόψη την ορυκτολογική σύσταση, τα ζεολιθικά 
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πετρώματα της Θράκης δεν πληρούν τις απαιτήσεις του Kανονισμού της ΕΕ αριθ. 
651/2013, και γι’ αυτό δεν μπορούν να χρησιμοποιηθούν ως πρόσθετη ύλη ζωοτροφών 
για όλα τα ζωικά είδη και επομένως ως συμπληρώματα διατροφής, επειδή τα ζεολιθικά 
πετρώματα όλων των θέσεων, περιέχουν κατά μέσο όρο 3-37% κ.β. χαλαζία, 2-29% 
κ.β. χριστοβαλίτη, 8-45% κ.β. μορντενίτη (ινώδη ζεόλιθο) σε 10 θέσεις, 24-65% κ.β. 
ζεόλιθους (τύπου-HEU ± μορντενίτη ± ανάλκιμο) σε 28 θέσεις, 74% κ.β. ζεόλιθο τύπου-
HEU σε 2 θέσεις και 77% κ.β. ζεόλιθο τύπου-HEU σε 1 θέση. 
Λέξεις κλειδιά: Ζεόλιθος τύπου-HEU, ινώδεις ζεόλιθοι, μορντενίτης, ανάλκιμο. 
1. Introduction 
The zeolitic volcaniclastic rock deposit corresponds to a rock which contains high amounts of one 
or more from the different (>65) phases of zeolites. The zeolite with the numerous applications is 
the HEU-type zeolite (clinoptilolite-heulandite) that shows tabular crystals and contains micro/nano-
pores in a framework of channels with 10- and 8-member rings, in dimensions of 7.5x3.1 Å, 4.6x3.6 
Å and 4.7x2.8 Å (Baerlocher et al. 2007; Mitchell et al., 2012). Only zeolitic tuffs with ≥80 wt% 
clinoptilolite, ≤20 wt% clay minerals, free of fibres and quartz, can be used as feed additives for all 
animal species (EU Regulation No 651/2013) and consequently as nutrition supplements. In humans 
and animals, inhaled or injected or swallowed, fibrous zeolites (mainly erionite and mordenite, and 
to a lesser extent roggianite and mazzite), as well as the SiO2 minerals (quartz, cristobalite, tridymite), 
were found to be toxic, carcinogenic and highly pathogenic (Davis, 1993; Driscoll, 1993; Ross et 
al., 1993). 
The zeolitic volcaniclastic rocks of Thrace have been investigated for their mineralogy, petrology 
and geochemistry by many authors (e.g., Tsirambides et al., 1989, 1993; Kirov et al., 1990; Tsolis-
Katagas and Katagas, 1990; Filippidis, 1993; Koutles et al., 1995; Stamatakis et al., 1996; Kassoli-
Fournaraki et al., 2000; Barbieri et al., 2001; Kantiranis et al., 2006a; Filippidis et al., 2007; 
Marantos et al., 2008; Tzamos et al., 2011). Zeolitic volcaniclastic rocks of Thrace have been tasted 
in different industrial, environmental and agricultural applications (e.g., Misaelides et al., 1995; 
Filippidis and Kantiranis, 2007; Filippidis et al., 2008, 2010, 2013, 2015a, b; Filippidis, 2010, 2013; 
Tsirambides and Filippidis, 2012; Vogiatzis et al., 2012). Some studies concern the use of Thrace 
zeolitic rocks as feed additives in hens, pigs and lambs (e,g., Tserveni-Gousi et al, 1997; 
Yannakopoulos et al., 2000; Deligiannis et al., 2005). 
The aim of the present study is to investigate the mineralogical composition of the zeolitic rocks 
from thirty-two (32) locations of Thrace and evaluate their potential use as feed additives (in 
accordance with the EU Regulation No 651/2013) and as nutrition supplements. 
2. Materials and Methods 
Four (4) to ten (10) representative samples were collected from each zeolitic tuff location of Thrace. 
The mineralogical composition was determined by the X-Ray Diffraction (XRD) method. The XRD 
analysis was performed using a Philips PW1710 diffractometer with Ni-filtered CuKα radiation on 
randomly oriented powder samples. The counting statistics were: start angle 3o, end angle 63o and 
in few samples 43o (2θ), step size 0.02o (2θ), time per step 1 sec and scan speed 0.02o/sec. Semi-
quantitative estimates of the abundance of the mineral phases were derived from the XRD data, 
using the intensity (counts) of certain reflections, the density and the mass absorption coefficient of 
the identified minerals for CuKα radiation, the software MAUD-Material Analysis Using Diffraction 
with the RIETVELD method. The semi-quantitative estimation of the percentage of total amorphous 
materials was achieved by comparing the area of each broad background hump, which represents 
the amorphous materials in each sample, with the analogous area of standard mixtures of minerals 
with different contents of natural amorphous material, scanned under the same conditions (Filippidis 
and Kantiranis, 2007; Kantiranis et al., 2004, 2005, 2006b). 
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3. Results 
The semi-quantitative mineralogical composition of the zeolitic rock samples are presented in Tables 
1-6 and Figures 1 and 2. 
In the Petrota area of Evros prefecture, from the 11 locations, the zeolitic rocks contain on average, 
47-89 wt% HEU-type zeolite in 10 locations and 45 wt% mordenite in 1 location (Table 1, Figure 
1). Only in the Ntrista Stream location, the zeolitic rock contains ≥80 wt% HEU-type zeolite (on 
average 89 wt%), ≤20 wt% clay minerals (on average 2 wt%), is free of fibres (fibrous zeolites such 
as mordenite), but unfortunately is not free of quartz (SiO2), containing 3 wt% quartz and 2 wt% 
cristobalite (SiO2). 
Table 1 - Semi-quantitative mineralogical composition (wt%) of zeolitic rocks from Petrota 
locations (Evros). HEU-type zeolite: Clinoptilolite-heulandite. Average (range). 
Location  
(no. of 
 samples) 
HEU-
type 
zeolite 
Mord-
enite 
Mica 
Clay 
miner
als 
Quartz 
Cristo-
balite 
Feld-
spars 
Amor-
phous 
Lefki Stream 
(4) 
60 
(53-64) 
- 
1 
(1-2) 
2 
(1-2) 
8 
(6-9) 
2 
(1-3) 
27 
(24-35) 
- 
Tympanistis 
(4) 
57 
(50-62) 
- 
3 
(2-4) 
1 
(1-2) 
9 
(7-10) 
3 
(2-4) 
27 
(23-32) 
- 
Livadakia (4) 
52 
(42-60) 
- 
11 
(9-12) 
6 
(5-7) 
11 
(8-14) 
4 
(2-6) 
16 
(7-23) 
- 
Paliovouni 
(4) 
52 
(39-63) 
- 
2 
(1-3) 
4 
(3-5) 
5 
(4-8) 
4 
(2-6) 
19 
(14-27) 
14 
(11-17) 
Paliodasos (4) 
60 
(57-63) 
- 
1 
(1-2) 
2 
(1-3) 
6 
(4-8) 
2 
(1-4) 
17 
(14-20) 
12 
(7-18) 
Fylakio 
Omega (4) 
- 
45 
(41-49) 
2 
(1-2) 
3 
(2-4) 
10 
(7-13) 
15 
(13-17) 
21 
(18-24) 
4 
(3-6) 
Mavri Petra 
(6) 
65 
(42-79) 
- 
3 
(2-6) 
2 
(1-3) 
5 
(2-6) 
6 
(2-12) 
16 
(8-30) 
3 
(0-9) 
Kokkalo (6) 
47 
(44-56) 
- 
2 
(1-2) 
3 
(2-4) 
5 
(3-6) 
4 
(3-8) 
17 
(14-21) 
22 
(14-27) 
Aloni (4) 
59 
(55-63) 
- 
2 
(1-2) 
3 
(2-4) 
4 
(3-6) 
4 
(2-5) 
14 
(12-19) 
14 
(6-21) 
Ntrista 
Stream (6) 
89 
(83-91) 
- 
1 
(1-2) 
2 
(1-3) 
3 
(2-4) 
2 
(1-3) 
3 
(2-7) 
- 
Gkazomylos 
(10) 
60 
(47-76) 
- 
2 
(1-3) 
3 
(2-11) 
7 
(3-14) 
7 
(2-15) 
15 
(11-21) 
6 
(0-20) 
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Figure 1 - X-Ray Diffraction pattern of zeolitic rock from Ntrista Stream (Petrota, Evros 
prefecture). 
In the Pentalofos area of Evros prefecture, the zeolitic rocks in all 4 locations contain on average, 
55-77 wt% HEU-type zeolite (clinoptilolite-heulandite), 4-7 wt% quartz and 3-7 wt% cristobalite 
(Table 2). 
Table 2 - Semi-quantitative mineralogical composition (wt%) of zeolitic rocks from 
Pentalofos locations (Evros). HEU-type zeolite: Clinoptilolite-heulandite. Average (range). 
Location  
(no. of samples) 
HEU-
type 
zeolite 
Mica 
Clay 
min-
erals 
Quartz 
Cristo-
balite 
Feld-
spars 
Amor-
phous 
Palestra (4) 
55 
(49-62) 
3 
(2-4) 
2 
(1-3) 
7 
(5-9) 
7 
(4-10) 
20 
(18-27) 
6 
(2-10) 
Kapsali Rachi (4) 
74 
(70-77) 
3 
(2-4) 
2 
(1-3) 
5 
(3-7) 
4 
(3-6) 
8 
(6-10) 
4 
(0-6) 
Kyries Toumbes (4) 
74 
(71-77) 
6 
(3-10) 
3 
(1-5) 
4 
(2-6) 
3 
(2-6) 
6 
(2-10) 
4 
(3-5) 
Tympano (6) 
77 
(68-86) 
5 
(2-11) 
5 
(2-7) 
4 
(2-5) 
3 
(2-4) 
6 
(3-8) 
- 
In the Metaxades area of Evros prefecture, the zeolitic rocks in all 3 locations contain on average, 
53-55 wt% HEU-type zeolite (clinoptilolite-heulandite), 7-12 wt% quartz and 6-21 wt% cristobalite 
(Table 3). 
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Table 3 - Semi-quantitative mineralogical composition (wt%) of zeolitic rocks from 
Metaxades locations (Evros). HEU-type zeolite: Clinoptilolite-heulandite. Average (range). 
Location  
(no. of samples) 
HEU-type 
zeolite 
Mica 
Clay 
minerals 
Quartz 
Cristo-
balite 
Feld-
spars 
Amor-
phous 
Xerovouni (4) 
55 
(38-63) 
7 
(4-10) 
8 
(5-11) 
7 
(6-9) 
6 
(3-10) 
17 
(6-41) 
- 
Gourounorema (5) 
55 
(42-69) 
4 
(2-5) 
6 
(2-11) 
12 
(4-22) 
12 
(7-23) 
11 
(4-17) 
- 
Paliouri (4) 
53 
(28-67) 
2 
(1-3) 
3 
(2-5) 
8 
(6-12) 
21 
(14-35) 
13 
(4-22) 
- 
In the Dadia-Lefkimmi area of Evros prefecture, the zeolitic rocks in all 3 locations contain on 
average, 51-53 wt% HEU-type zeolite (clinoptilolite-heulandite), 6-9 wt% quartz and 23-29 wt% 
cristobalite (Table 4). 
Table 4 - Semi-quantitative mineralogical composition (wt%) of zeolitic rocks from Dadia-
Lefkimmi locations (Evros). HEU-type zeolite: Clinoptilolite-heulandite. Average (range). 
Location  
(no. of samples) 
HEU-type 
zeolite 
Mica 
Clay 
minerals 
Quartz 
Cristo-
balite 
Feld-
spars 
Amor-
phous 
Synoro (4) 
53 
(46-60) 
2 
(1-3) 
3 
(2-4) 
6 
(3-8) 
25 
(19-30) 
11 
(6-23) 
- 
Xephoto (5) 
51 
(44-58) 
2 
(1-3) 
4 
(2-5) 
7 
(5-10) 
29 
(20-34) 
7 
(4-16) 
- 
Stavros (4) 
51 
(43-59) 
3 
(2-4) 
4 
(2-6) 
9 
(4-11) 
23 
(18-29) 
10 
(4-21) 
- 
Table 5 - Semi-quantitative mineralogical composition (wt%) of zeolitic rocks from Feres-
Kirki locations (Evros). HEU-type zeolite: Clinoptilolite-heulandite. Average (range). 
Location  
(no. of 
samples) 
HEU-
type 
zeolite 
Mord-
enite 
Mica 
Clay 
min-
erals 
Quartz 
Cristo-
balite 
Feld-
spars 
Amor-
phous 
Makrylofos 
(7) 
36 
(30-46) 
13 
(11-15) 
1 
(1-3) 
6 
(2-13) 
21 
(14-30) 
2 
(1-4) 
13 
(6-15) 
8 
(2-23) 
Kavissos (4) 
38 
(29-50) 
25 
(22-28) 
2 
(2) 
9 
(7-12) 
16 
(5-25) 
3 
(1-6) 
3 
(0-5) 
4 
(0-7) 
Aspra 
Chomata (7) 
- 
32 
(11-49) 
2 
(1-3) 
6 
(1-16) 
18 
(9-30) 
2 
(1-5) 
31 
(18-43) 
9 
(0-21) 
Laka (4) 
56 
(46-66) 
8 
(6-10) 
2 
(1-3) 
2 
(1-4) 
9 
(7-13) 
3 
(2-5) 
17 
(14-22) 
3 
(0-5) 
Kapsala (4) 
23 
(19-27) 
21 
(15-28) 
1 
(0-3) 
3 
(1-4) 
19 
(17-21) 
4 
(2-6) 
19 
(13-26) 
10 
(0-21) 
Nipsa (4) 
33 
(30-36) 
18 
(15-21) 
1 
(0-3) 
8 
(6-10) 
4 
(2-6) 
4 
(2-5) 
29 
(26-32) 
3 
(2-5) 
Aetochori 
(4) 
25 
(23-28) 
8 
(6-10) 
1 
(0-2) 
11 
(7-13) 
15 
(13-17) 
4 
(2-6) 
34 
(32-37) 
2 
(0-4) 
Kirki (4) 
49 
(39-68) 
- 
2 
(1-3) 
6 
(2-7) 
10 
(8-12) 
10 
(6-12) 
23 
(14-29) 
- 
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In the Feres-Kirki area of Evros prefecture, the zeolitic rocks in all 8 locations contain on average, 
23-56 wt% HEU-type zeolite (clinoptilolite-heulandite) + 8-25 wt% mordenite in 6 locations, 32 
wt% mordenite in 1 location and 49 wt% HEU-type zeolite in 1 location (Table 5). The zeolitic 
rocks of all locations contain on average, 4-21 wt% quartz and 2-10 wt% cristobalite (Table 5). 
In the Skaloma-Darmeni area of Rhodope prefecture, the zeolitic rocks in all 3 locations contain on 
average, 23-30 wt% HEU-type zeolite (clinoptilolite-heulandite) + 20-33 mordenite in 2 locations 
and 24 wt% analcime in 1 location (Table 6, Figure 2). The zeolitic rocks of all locations contain on 
average 10-37 wt% quartz and 4-16 wt% cristobalite (Table 6). 
Table 6 - Semi-quantitative mineralogical composition (wt%) of zeolitic rocks from 
Skaloma-Darmeni locations (Rhodope prefecture). HEU-type zeolite: Clinoptilolite-
heulandite. Average (range). 
Location  
(no. samples) 
HEU-
type 
zeolite 
Mord-
enite 
Anal-
cime 
Mica 
Clay-
min-
erals 
Qua-
rtz 
Cristo-
balite 
Feld-
spars 
Amor-
phous 
Skaloma: 
Avraam (4) 
30 
(27-33) 
33 
(22-40) 
- 
2 
(1-3) 
6 
(2-15) 
10 
(7-16) 
4 
(2-9) 
9 
(4-12) 
6 
(0-11) 
Skaloma: 
NE (5) 
23 
(20-30) 
20 
(17-27) 
- 1 
(0-5) 
11 
(1-15) 
11 
(8-13) 
16 
(9-19) 
14 
(12-15) 
4 
(2-6) 
Darmeni: 
Voukefalo (4) 
- - 
24 
(19-29) 
1 
(0-3) 
9 
(5-20) 
37 
(29-41) 
5 
(2-8) 
12 
(9-14) 
12 
(7-14) 
4. Discussion and Conclusions 
Only clinoptilolite of sedimentary origin (clinoptilolitic zeolitic tuffs) with ≥80 wt% clinoptilolite, 
≤20 wt% clay minerals and free of fibres and quartz, can be used (in powder form) as feed additive 
for all animal species (EU Regulation No 651/2013) and consequently as nutrition supplements.  
Clinoptilolite of sedimentary origin, belonging to the additive category “technological additives” 
and to the functional groups “binders” and “anticaking agents”, is authorised as an additive in animal 
nutrition with the conditions laid in the EU Regulation No 651/2013, which is binding in its entirely 
and directly applicable in all Member States. The EU Regulation No 651/2013, also defines the X-
Ray Diffraction (XRD) as analytical method for the determination of clinoptilolite. In humans and 
animals, inhaled or injected or swallowed, fibrous zeolites (mainly erionite and mordenite, and to a 
lesser extent roggianite and mazzite), as well as the SiO2 minerals (quartz, cristobalite, tridymite), 
were found to be toxic, carcinogenic and highly pathogenic (Davis, 1993; Driscoll, 1993; Ross et 
al., 1993). 
The 32 locations of Thrace (29 in Evros prefecture and 3 in Rhodope prefecture) of zeolitic rocks 
can be grouped as follows: a) Twenty one locations contain (average values) 47-89 wt% HEU-type 
zeolite (clinoptilolite-heulandite), b) Eight locations contain 23-56 wt% HEU-type zeolite + 8-33 
wt% mordenite, c) Two locations contain 32 & 45 wt% mordenite, d) One location contains 24 wt% 
analcime. In all 32 locations the zeolitic rocks contains 3-37 wt% quartz, 2-29 wt% cristobalite and 
1-11 wt% clay minerals. 
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Figure 2 - X-Ray Diffraction pattern of zeolitic rock from Darmeni (Rhodope prefecture). 
Only in one location (Ntrista Stream, Petrota, Evros) the zeolitic rock contains ≥80 wt% HEU-type 
zeolite (clinoptilolite-heulandite) (on average 89 wt%), ≤20 wt% clay minerals (on average 2 wt%), 
is free of fibres (fibrous zeolites such as mordenite), but unfortunately contains 3 wt% quartz and 2 
wt% cristobalite. Concerning the total average zeolite content, one location (Ntrista Stream of 
Petrota) contains 89 wt%, another one (Tympano of Pentalofos) contains 77 wt%, two (Kapsali 
Rachi and Kyries Toumpes) contain 74 wt% and the rest 28 locations of Thrace contain 24-65 wt% 
zeolites. 
Considering the mineralogical composition described above and presented in Tables 1-6, none of 
the zeolite rocks of Thrace meet the requirements of the EU Regulation No 651/2013, and thus 
cannot be used as feed additives for all animal species and consequently as nutrition supplements, 
since all of them contain on average 3-37 wt% quartz, 2-29 wt% cristobalite, 8-45 wt% mordenite 
(fibrous zeolite) in 10 locations, 24-65 wt% zeolites (HEU-type ± mordenite ± analcime) in 28 
locations, 74 wt% HEU-type zeolite in 2 locations and 77 wt% HEU-type zeolite in 1 location. 
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